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Introduction
Lumbar fusion is one of the widespread techniques [1] for the surgical treatment of degenerative lumbar pathology.
However, given its drawbacks, such as risk of non-union or adjacent segment disease (ASD), dynamic stabilization has met with interest, particularly due to conserved range of motion [2, 3] .
Non-union rates vary from 11% to 16% [4] . In ASD, it is important to distinguish between radiographic ASD (almost 40% at 5 years [5] ), and clinical ASD, requiring surgical revision (3% at 5 years and 10% at 10 years [6] ).
Dynamic systems were first introduced in the 1980s, with Séné-gas's device [7] , followed by dynamic systems using pedicle screws [8] .
Limiting range of motion reduces intervertebral disc inflammation [9] . Schwarzenbach et al. [9] demonstrated reduced local production of inflammatory cytokines and increased production of We randomly selected from the hospital data-base 25 patients managed by fusion for the above indications, to constitute a "fusion" group (FG). During the same period, 48 patients were consecutively included in a "Dynesys ® " group (DG) for the same indications; 33 (69%) had sufficient follow-up. More than 2 levels treated, revision procedures and Modic 3 changes on MRI were exclusion criteria.
The choice between fusion and dynamic stabilization was made according to the two surgeons' habits.
Patients were followed up in consultation, and had clinical and radiological assessment and a self-reported quality of life questionnaire at last follow-up. Demographic data are shown in Table 1 . Pre-and post-operative data were collected by an independent observer.
Preoperative and in-hospital clinical and radiological data were collected from medical and anesthesiological files and preoperative radiographs, and included gender, body-mass index (BMI), American Society of Anesthesiologists (ASA) score, surgical indication, visual analog scale (VAS) for low back pain, graded over 0-10 cm (0, minimal pain; 10, maximal pain), root pain VAS, walking distance, and Oswestry Disability Index (ODI) (in %, in 5 categories, following Fairbank [10] : 0-20%, minimal disability; 20-40%, moderate disability; 40-60%, severe disability; 60-80%, crippling back pain; and 80-100%, bed-bound). Radiology focused on anterior and posterior disc height, pelvic parameters [11, 12] , global lordosis and lordosis in affected segments, and vertebral endplates on Modic's classification (on preoperative MRI) [13, 14] .
In the final follow-up consultation, clinical data were collected: lumbar and radicular VAS, Short-Form 12 (SF-12) quality of life questionnaire [15] , and surgical revision. Radiologic assessment comprised dynamic views in flexion-extension, AP and lateral standing weight-bearing whole-spine view, disc heights, global and segmental lordosis, lumbar range of motion (ROM) and ROM per operated level, screw loosening and adjacent segment status. Data were collected by an independent observer. ROM was calculated by Posner's validated method [16] . Adjacent segment disease was defined by > 2 mm ante-or retrolisthesis, > 50% loss of disc height, or endplate osteophytes [17] .
Statistical analysis used Epi-Info software. Normally distributed data were assessed on Student test; otherwise, the Mann-Whitney test was used. The significance threshold was set at 5%.
Results
Fifty-eight patients were included: 25 FG, 33 DG. Mean follow-up was 93.6 ± 16.5 months in DG and 91.7 ± 13.5 in FG (P = 0.14).
There were no significant inter-group differences in preoperative clinical data ( Table 2) . The two groups were comparable for preoperative radiologic data except regarding the Modic classification, Modic type 1 being more common in DG (P = 0.02) ( Table 3) .
There was no significant inter-group difference in operated levels (Table 3) .
Clinical data at last follow-up are shown in Table 2 .
At last follow-up, SF-12 physical component summary (PCS) differed between groups: FG, 37.2 ± 3.9; DG, 41.7 ± 3.7 (P = 0.01). Mental component summary (MCS) scores were respectively 50.1 ± 6.1 and 51.8 ± 4.5 (P = 0.14). Table 3 presents spinopelvic data and ROM. At last follow-up, radiology found 4 adjacent segment syndromes (12.1%) in DG and 9 (36%) in FG (P = 0.012); clinical expression was less severe, with just 1 clinical syndrome in DG and 2 in FG (P = 0.21).
There were no cases of screw loosening in DG. In FG, 2 patients (8%) showed screw defects: 1 had a broken screw and the other showed a loosening chamber around the pedicle screw, indicating non-union, without signs of infection at last follow-up. At last follow-up, there were significant inter-group differences in favor of FG in global lordosis, segmental lordosis and anterior disc height: respectively P = 0.002, P = 0.002 and P = 0.001. Fig. 1 shows progression of lordosis and ROM in DG. Analysis of adjacent segment ROM found a significant difference in overlying segment motion, with hypermobility in FG.
Discussion
Vertebral fusion is a widespread surgical treatment for degenerative lumbar pathology [18] . It shows well-known complications: 16-100% non-union and adjacent segment disease, depending on the report [18] .
Clinically, low-back VAS scores were significantly lower in DG than FG. There was likewise a significant difference in ODI, although this did not affect the Fairbank classification as "minimal disability" (ODI < 20%).
The present results are in agreement with the literature, with low-back VAS ranging from 0.8 cm [19] to 5.7 cm [20] in dynamic stabilization, depending on the report. In contrast, in 2010, Putzier et al. [21] , comparing fusion and dynamic stabilization in a prospective study, found no superiority in terms of VAS or ODI. In studies with more than 60 months' follow-up, ODI varies greatly, from 8.8% to 49.9% [19] [20] [21] [22] .
There were differences between the groups for adjacent segment disease, with significantly less radiologic ASD in DG than FG (12.1% vs. 36%; P < 0.05), although without difference in clinical expression.
Radiologic ASD in Dynesys ® stabilization ranges from 0% [23] to 47.7% [24] . Prud'homme et al. reported 16%, but with 3.4% revision at 38 months. Park et al. [5] reported 5.2-18.5% clinical ASD at a mean 60 months' follow-up. Putzier et al. [21] , at a mean 76 months' follow-up, found a higher ASD with fusion than with dynamic stabilization. Rates of revision for clinical ASD range between 0% [21] and 12.8% [22] .
ROM was greater in DG than FG; however, although the difference was statistically significant, it was slight, with very little clinical impact.
Fay et al. [25] , at a mean 41.4 months' follow-up, reported 2.7 ± 1.5 • ROM in operated levels. Hoppe et al. [22] reported ROM according to operated level, ranging from 2.2 ± 3 • in L4/L5 to 8.3 ± 7 • in L2/L3 and L5/S1, but stressed that mean ROM was less than 4 • in 74% of cases.
In dynamic systems, motion function and lordosis diminish over time; in the present study, operated segment lordosis and ROM diminished between postoperative month 3 and last follow-up, as also reported in the literature, and notably by Putzier et al., which conducted various studies, with up to 6 years' follow-up [21, 23] . This loss of disc height and lordosis may be due to progression of discopathy, causing the system to draw on its flexion reserve [21, 23] . Loss of lordosis in the operated segment with dynamic systems is a risk factor for compensatory hyperlordosis in the overlying segment, inducing severe stress and favoring onset of ASD [26] .
Fay et al. [27] , studying ROM and also facet status, at a mean 29.9 ± 8.3 months' follow-up, in 70 patients at last follow-up, reported a 54.3% rate of spontaneous joint facet fusion, with mean ROM in these cases being 3.7 ± 3.3 • ; moreover, 71.1% of patients had ROM < 3 • , which the authors count as immobile. They concluded that this spontaneous joint facet fusion did not impact clinical results.
One of the most frequently reported complications in Dynesys ® dynamic stabilization is screw loosening [28] . This did not occur in the present series. In 2015, Prud'homme et al. [29] reported a 9.6% rate of screw loosening in patients included in their systematic review. Material failure has been shown to be associated with late infection, and may thus require surgical revision [30] . Kocak et al. [31] in their review reported material failure rates varying greatly, from 0% to 17%, with a maximum revision rate of almost 13%. Lutz et al. [30] reported 72% loosening at 5 years and 4% screw breakage.
Many in vitro studies reported wide variations between dynamic devices, especially in terms of rigidity, which could be relevant to the risk of material failure. The high loosening rates reported with the Dynesys ® system may be due to its great rigidity [32] . The present study shows certain limitations. The design was retrospective, single-center and non-randomized. There was 31% loss to follow-up in the Dynesys ® group (DG). Groups differed in Modic classification, especially with regard to the proportion of Modic 1 patients. There were no cases of screw loosening. Moreover, interbody cages were never employed, although this technique is now widespread and reduces ASD rates [18] .
Conclusion
In conclusion, in the light of the present results and those of the literature, dynamic lumbar stabilization is not clinically inferior to posterolateral lumbar fusion in certain degenerative pathologies. Superiority in terms of range of motion is minimal. Radiologically, dynamic stabilization results in lower global and segmental lordosis and anterior disc height than fusion. Lordosis and ROM deteriorate over time with the dynamic system.
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